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The formation of the Au contact was detected by the technique reported by Liu et al. [1] .
For the MCBJ measurements, the bending beam was bent from below by a pushing rod driven by the piezoelectric stepper motor (ANPz-51, attocube). The displacement of the electrodes induced by a single step of the piezoelectric stepper motor was estimated to be ~0.04 nm from the tunnelling decay constant measured without molecules [2] . Triangular voltage waves were generated from a digital-toanalogue converter (National Instruments, PXI-4461) and applied to the junction to measure the I-V characteristics. The electric current was measured by a current amplifier (FEMTO DLPCA-200). The output of the current amplifier was recorded by an analogue-to-digital converter (National Instruments, PXI-4461). The MCBJ instrument was placed in the variable-temperature insert of a cryostat (Oxford Instruments) and cooled by N 2 gas evaporated from liquid N 2 . The temperature was monitored by a Si diode sensor attached to the variable temperature insert unit. 
Details of synthesis of HSCBZnSH

Experimental
Chemicals. All chemicals were purchased from Kanto Kagaku Co., Ltd., TCI chemicals, Wako Pure Chemical Industries, Ltd., or Aldrich and used without further purification unless otherwise noted (solvents for the reactions were of dehydrated grade).
General. The NMR spectra were obtained using a Bruker AVANCE Ⅲ 400 (400MHz. 1 H NMR and 13 C NMR were measured with TMS as internal standard). The HRMS (DirectProbe APCI-TOF-MS) data were obtained using a Bruker micrOTOF II in the positive ion mode. The elemental analysis was performed at the Center for Advanced Materials Analysis, Technical Department, TIT. An automated flash purification system, Isolera (Biotage), was used to isolate each compound. A preparative scale gel permeation chromatograph, LC-908 C60 (Japan Analytical Industry Co., Ltd.), was used to isolate each compound with chloroform as the eluent.
Synthesis
9-(tert-butyldimethylsilyl)-3-iodo-9H-carbazole (ICBZTBS)
3-iodo-9H-carbazole (8913 mg, 30.4 mmol) was dissolved in dehydrated DMF (100ml) and cooled to 0 o C. NaH (55% dispersion in paraffin, 1467 mg, 36.6 mmol) was slowly added and stirred for 45 min. tert-Butyldimethylsilyl chloride (5514mg, 36.43mol) was added in one portion. After stirring for 1h, the temperature was raised to room temperature and stirred for 2h. Toluene and NaHCO 3 (aq) was added to the mixture, and the aqueous layer was extracted with toluene. The organic layers were combined, dried over Na 2 SO 4 , and concentrated. The product was isolated by silica gel column chromatography (toluene: hexane= 1: 4). Yield: 26% (3242 mg, 7.96 mmol). 1 
HCBZ2SMe (General procedure for N-arylation reaction, and TBS group cleavage).
HCBZ1SMe (2083 mg, 7.20 mmol), ICBZTBS (3015 mg, 7.40 mmol), CuI (138 mg, 0.72 mmol), and K 3 PO 4 (7961 mg, 37.5 mmol) were added to a flask, and then (±)-trans-1,2-cyclohexanediamine (133 μl, 1.11 mmol) and dioxane (40 ml) were added under a nitrogen atmosphere. After stirring for 4 h at 110 o C, the reaction mixture was cooled to room temperature. TBAF (1M THF solution, 11 ml) was added, and stirred for 20 min. Toluene and NH 4 Cl(aq) was added to the mixture, the organic layer was separated, and the aqueous layer was extracted with toluene. The organic layers were combined, dried over Na 2 SO 4 , filtered through silica gel, and concentrated. The product was isolated by Flash silicagel chromatography (toluene: hexane= 1:5 →10:0). Yield: 87 % (2843 mg, 6.25 mmol). 
HCBZ3SMe
As per the general procedure for the N-arylation reaction and TBS cleavage, H2SMe (2307 mg, 5.07 mmol), ICBZTBS (2265mg, 5.56 mmol), CuI (95.2 mg, 0.50 mmol), K 3 PO 4 (5345 mg, 25.2 mmol), (±)-trans-1,2-cyclohexanediamine (91 μl, 0.76 mmol), and dioxane (30 ml) were heated in an oil bath at 110 ºC for 12h. After cooling to room temperature, TBAF (1 M THF solution, 9 ml) were added, and stirred for 15min. The product was isolated by preparative GPC (eluent: chloroform). Yield: 90 % (2836 mg, 4.58 mmol). 
MeSCBZ1SMe
As per the general procedure for the N-arylation reaction, HCBZ1SMe (207 mg, 0.72 mmol), 4-iodothioanisole (343 mg, 1.37 mmol), CuI (13.4 mg, 0.07 mmol), K 3 PO 4 (460 mg, 2.17 mmol), (±)-trans-1,2-cyclohexanediamine (12.4 μl, 0.10 mmol), and dioxane (4 ml) were heated in an oil bath at 110 ºC for 12h. The product was isolated by Flash silicagel chromatography (toluene: hexane= 1:10 →2:1). Yield: 77 % (229 mg, 0.56 mmol). 
SMeCBZ2SMe
As per the general procedure for the N-arylation reaction, HCBZ2SMe (311 mg, 0.68 mmol), 4-iodothioanisole (342 mg, 1.37 mmol), CuI (11.9 mg, 0.06 mmol), K 3 PO 4 (452 mg, 2.13 mmol), (±)-trans-1,2-cyclohexanediamine (11.9 μl, 0.10 mmol), and dioxane (4 ml) were heated in an oil bath at 110 ºC for 12h. The product was isolated by Flash silicagel chromatography (toluene: hexane= 1:8 →10:0). Yield: 56 % (219 mg, 0.38 mmol). 
MeSCBZ3SMe
As per the general procedure for the N-arylation reaction, HCBZ3SMe (311 mg, 0.50 mmol), 4-iodothioanisole (259 mg, 1.04 mmol), CuI (9.58 mg, 0.05 mmol), K 3 PO 4 (308 mg, 1.45 mmol), (±)-trans-1,2-cyclohexanediamine (8.72 μl, 0.07 mmol), and dioxane (3 ml) were heated in an oil bath at 110 ºC for 12h. The product was isolated by Flash silicagel chromatography (toluene: hexane= 1:8 →10:0 
HSCBZ1SH (General procedure for deprotection of S-methyl group).
NeSCBZ1SMe (79.7 mg, 0.19 mmol), t-BuSNa (102 mg, 0.91 mmol), DMF (2 ml) were heated for 4 h at 165 o C. 3M HCl (aq., 4 ml) was added under nitrogen flow at 0 ºC. The reaction mixture was extracted with chloroform, dried over Na 2 SO 4 , and concentrated. The product was isolated by Flash silicagel chromatography (toluene: hexane= 1:12 →1:1 with 5% AcOH). Yield: 58 % (29 mg, 0.11 mmol). 
HSCBZ2SH
As per the general procedure for the N-arylation reaction, NeSCBZ2SMe (92.8 mg, 0.16 mmol), t-BuSNa (87.3 mg, 0.78 mmol), were added to a flask, and then DMF (2 ml) were added under a nitrogen atmosphere. After stirring for 4 h at 165 o C, the reaction mixture was cooled to 0 ºC and stirred for 45 minutes. Then, 3M HCl (aq., 2.7 ml) was added under nitrogen flow. The product was isolated by Flash silicagel chromatography (toluene: hexane= 1:9 →4:1 with 5% AcOH). Yield: 65 % (57 mg, 0.10 mmol).
HSCBZ3SH
As per the general procedure for the N-arylation reaction, MeSCBZ3SMe (47.8 mg, 0.064 mmol), t-BuSNa (37.8 mg, 0.34 mmol), were added to a flask, and then DMF (1 ml) were added under a nitrogen atmosphere. After stirring for 4 h at 165 o C, the reaction mixture was cooled to 0 ºC and stirred for 45 minutes. Then, 3M HCl (aq., 4 ml) was added under nitrogen flow. The product was isolated by reprecipitation of the chloroform solution of the extracts from MeOH. Yield: 77 % (35 mg, 0.049 mmol). Figure S1 . 1 
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